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ABSTRACT 
The truck dispatching problem, which is concerned with minimizing 
... the total distance traveled for a fleet of delivery vehicles, has re-
ceived considerable interest in recent literature. This thesis is ad-
dressed to the problem of determining the best warehouse location from 
which to supply ~ given set of demand points in a. t-r,u.c:k dispatching 
manner. A heuristic method is developed· wh'ich p·rcivid·es- -a powerful~ :to.:ol 
for solvi~g this p.roblem~- In ,addittoiJ., th·e heuristic method may _be :ap~ 
;pI·i~q: to· th·e ¢1.a·s.s.ic.al ·(1;11.clc :d'i 9patc-h:ing problem. The heurlsifi.c: ·method 
sol.uttons~ :h:a·ve .. bee·n 'C}pmp·ared: t·o the. solutions of other techni.tjues for 
so1v:i:n_g_ t'he tr,uck d'i:s.Patchi.ng p-t~obletn. Tne.se comparisons indicate that 
method ::fou·rt.d document.ed in the l:it:erafµ.r_e for s.olvtng_ tr1i-'c:Jt di.s:patc.l}i,ng 
.d·e:rtl~ nd _po·tn t _prob.lem). • 
_In ·:pa.rt ic_µ_I a·r-, .o-n:e G6-n--.· . 
- ~ 
thi~ fli~sis I_$ the capabi:lJty of pe:rm;i.'ttin_g· p·a_ttial du:mping .(mµl tipte: 
-ctbtai-ned: ·by ~. br.an<::li a-rid bouil_-a.. :f'echnlq.lt_~. wbief?. ·e.Je:c:lud.es the poss i bil-.t-f:y· 
-- _ .... :' 
' - ' 
- . -----.-_ ·-:;..:~- ' 
;, 
,, 
,'(.' 
; 
' ~ 
' :I 
i 
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I. INTRODUCTION 
A particular problem of practical importance in a-warehouse 
distribution system often arises. This problem has been discussed 
in the literature as the truck dispatching problem (delivery prob-
. lern). The basic ttuck dispatching problem can be stated as: deter-
:mtne the routing: 'for· a fleet of delivery vehicles {trucks) from a 
_given warehouse l·oca-:tton such that -a.11 the. demand point r.e_qut1:~ments· 
are satisfied. ·a:11,d the total dista.nC::e covered by all t.ruc~'s is. 1nl:r1imaI.. 
1... :_Tlte:'· delive:ty ·of gasoline .fr.om ':ref ineri.~s: or- stor.a·g_e. t·a:nks-
to .:g_asolirie station::s .. 
c.on sumers,. ,. 
ne.-ws.pape_r stands and_ pj_c·k_-up poirit$ :to'r paper, 'bo)t.s II 
In· fac.t., .c:U).y :distribut·iot1 .sy~;tem. wli:icp. is charae:t=er'iz_e:-d ·by the 
v.e:hic·Ie:s ·could be ·rout·ed to· mo·re ·t:ha:11 one .dema-n.d :point be.fore: re-t~~:-
.:ing. to. the warehouse c~Ii: be :consi·de·re.d to·· b'e a. tr·1.1ck: dispatc'Iiip.g 
t·y_per .problem. Th~, t.ruc_k :dlspat.c:hfp.;~ ty·p.e :prob1e.rn· .may also be ¢J}~r't1·c.-
Jr (1tf a f.Ie·et :o:f ·se:hoo ;L- -b~rses to. :p-ick :UJJ" :c_iii-ldren ev:ery· m.t?.:rn:ingr wou·1d 
'r 
I! 
j 
( 
' 
'· 
3 
be one example of a pick-up type problem. Another would be the daily 
routing of garbage trucks throughout a region for the removal of 
garbage. 
The major practical constraint in the above examples is the 
capacity of the delivery vehicles. However, some truck dispatching 
type problems can have time as their major constraint. For example, 
the daily routing of a team of telephone set installers would most 
ltke·ly be 1.1.niltecl more by the time of the installer's work·ing day 
than by th.e capacity of his truck. Also, the rout..ing of.~- -g~.q.11p o.f· 
mailmen to -de Ii ver t·he· daily: rnai 1 may be more. ·time,..li_.~i.'t~d ·than 
capacity-1$.rri.i1:ed (Th:i-s situ~t.ion could r.evers:e dµr:i.n:g the :C·hr:istma$: 
rush!)~-
,-· 
The. t·ruc-k ·disp9-t_chirig pro,b'Iem is :~ 
·p.rol)lem sut!.µ· .t.':ha-t ·on·e, 'Vehic.le c_oµ-1.d ·supply .all ·t·_he .dern~n:d req:ui·re-
:ment.::;: .would b:e· re:duced to Jt traveling sal~_s.mct.iJ: p~c)blem ... The bas:±c . . . .. ·.. .- ' .. ··, 
't·ra:veli:rig ·salesm~n. Iifoo:lem is- conc·e:rned'. Wlth· minimizing· ·th~ t_ota-1 ' -
4istarice. cover~~ wh~n- -starting a"t; 'an. in.it.tal potn·t ,. visiting n. oth·er· 
:po:iiit s ; .. =and r:fJttir,ning··-- to.: th~- $ta;rting poi;rit:~ 
The _pr(Jb:lern that wi 11 ~~, .q·onsid.ered: in t ht,s, ·tlie.:s:i s: i's a mcfre: 
s:uc:cinc:f.1,- :stat.ed as,: fqlI.ows:f 
.
.. g- i-ven· ··a .regio_;n_._· o'f --ctem.an·d points ·a.11d;. ~ . r~ - ·. . 
ifrheir- :re_qutrem.ents tfia1: ,vill b·e s·erve·~ in. a· tru:ck :disp·at-c.htn·g; fasJriori:, 
,1 
;t ' 
,tr' 
! 
''\ 
4 
truck routings that will serve all the demand points at minimum cost. 
The primary purpose of this thesis is to develop a heuristic 
technique that will detennine the best warehouse location from 
which to supply a given set of demand point locations in a truck 
dispatching fashion. In addition; the developed heu-ristic technique 
~ 
could be useful as an alternate method for solving the classical 
truck dispatching p:ro·o·lem. T·he· pr~cise prob-len:i to be: stµq.ied is 
:t:he subject of -Ghapt.er .II-. 
·.'0" 
/.~ . 
.1-
.< 
·."<?. 
.. 
.. 
', 
Ii 
f 
.r 
·,· 
' ! . 
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lI o STATEMENT OF THE PROBLEM 
The problem that will be considered in this thesis will be) 
labeled the truck dispatching terminal location problem. This prob-
lem can be considered to have two distinct stages: -
1~ Selecti6n of a potential warehouse location porn(~ 
2.:. Evaluation and con1parison of thls. potential wa.re:hou:se. 
location as a truc'k di.·spat.chtn·g;·- terminal with 6.the·_r·· 
J)<>°4e-nt.ia1. wareh6us:e .locat J911 ·point Si. 
;.:,· 
T:fie .. above .cf-i-~ctrs:sion conce1;7i$- t.-he loq~t.io.-n of ··a single :warehq:t1s·e, 
'ottt.: :mu:l tip le ware_ho.use·s· ,1nay· b~, req:uired·. However - one :rri'et·ho,.-d t·hait.· . . . :1· .• . . . . . 
. .. ·. . 
could be used to sol·v:e mult.i,ple wareh.q.use lo.cat'.ion problem$ wo··µld 
'be:. to part it to·n. tJ1~: :reg-io.n 9.:f -th.e de·mand pc:> i.11t_ . .Iocat.i·o~s- ·111t.o _sub-
.. 
~ncl capacit.y pf wate:hous:e.s _ be.irg co:r1s1c:Hire.d .: =of· <;ou:·rs~, th.is.: a:pprcl"ach· 
. . 
. . ~ 
·be.r -pt· wa_reho.uses -~.equired to be$.-f do th.e .ffo_b. Thfs ts: :nq.·t ho_:_nnally· 
tlt¢ c·~se tn p·raet·ic·a:i .pro:ble!ils-_.'. Al-though. thi:s ~ppro.a-.ch f.or deter--
·$q;n: of aI.-te.r.nat.iv.e scheme$.: 
,one .add;it_ion -to: t·11e. b~slc -t-rucl{ d-Jspa.t_c_:h·in-g· ·pro:p=l.em, '\Vhic.b-. -ha.:s 
.b~e·n ·fo,rrn.µl~ted by Dant·zJg. and R:amse·r:, 13- can .b·~, tna,;d.t:? to· ,ma.t·h;em.at;i:.:_c~.lly-
·describe the truck dt-spatching termin.a·l Ioca"fion ·pr.obl.em. :.pant:zig 
and. ]{art(s~r f:o·nnu.la.te~ -the problem 3;.s- fo11o),v.s : . 
. :·,': -...:...:...... 
-· 
I 
' I r. 
/'!!.i·. 
'~· ! ' 
''lj . 
I, 
" 
·!. 
I • 
·--
6. 
A set of n "stat ion po int s'' p . ( i = 1 , 2 , 1 . . . . , n) are 
given to which deliveries are made from a "terminal point'' 
Po. 
2. A "distance matrix" [n] = [ dij] is given which specifies th:e: 
.a .. 
distance dij = dji between every pair of points (i, j = .0,-
1., 2:, ...... · . n) .. 
. A :''tieJtv.e:r ..y vector"· (Q) - (q.) is given which sp·~.e-ifl.e,s. 1 
t_:·.:h.e... . t t b d 1 . d t 
. . t c· . :amoun .. · g·,i ·o .. e. · e 1. ve re o every po.in _ ·.pi. . :1: i; 2 ,· 
·~· • ·. ,. n:) .. 
4 .•. ·The capacity of trucJ{ k is: c·k fk · .. :1., ·2.,, •.•..• , m) ;· 
.. 
5. X = X = 1 is in"t~rp:reted to tn¢ah that P.·_tlj.~t·s ·p
1
._. and· p . :· i.j . ji 
... J 
are· paired (i, j· - o·:,, l ;: 2, 
t:he :p.oi:rits. ,are. ·P.Ot pair.ed ~ 
.... ·• •· n) ·and,· if. x. ,.==· ·x... ~ .O 
... 'iJ . J1 
Sinc ... e from p9itit pi a trn.c>~·: g'.oe.s .. eit:l;l~r ·to ··pt, orope· other: 
' 
. polnt 11j ·: .. 
n 
. ' L X . . 1] 1 (i -" 1., 2 ,. . ..... , :n) 
. = 0 J 
-an·d X-. . ...:.. O for every i = 0., 1,. :- ... ,. :n . .. 1 :L. 
:6:.. Th·e pr:ob1em is to· find th·e values of X .. which make- t.p:~ lJ 
n n 
·T· .•. D. =L L 
·= 0 · = 0 1
ct·t· J con 1 ions. 
d . . lJ X •. l:J 
-~-
'This ·j./$. :a bas.ic ·!orrriu1atil)n of· t.he truc·k tl-1:spatc.:h·.:ing .Problem~. 
. . . . 
·' 
-· --·--· .. _ ..,. ________ ,------·-- -'----,--,~ 
basic truck dispatching terminal location problem. This will be 
given as statement (7) below: 
7. ,, . . __ ,, The location of the :terrn_irial :Po~.n,t·· 'Po: is a variable 
(unknown) to be determined. 
The above formulation is based on the minin:1:tz·-~tion of tot.~t 
truck distance traveled. However, the distance matrix C'OUld be 
. .., .. -
.converted to a tin,e matrix by d:t-viding the distance va·1Ut3:S b_y the 
rate of travel of the trucks. Problems that are time cqnstrained 
ra1;~e:r· ·th:a.n. trU'cJ( .c}1:p·aeity tJo.fls.tr.ained -cou.ld be handled by the addi-
·t1.q11 -of -one G;<iti_s tr:afn'.t t tJ· fhe· a-hove ~orrnulat i.o:n·.· 
·The: addi:t:ion~l corfst~airit wou.la: pe:: 
The maximum time =av/lilable .for truck- k ts TJe, fo.r k :;: J:; 2, •.. , 
N,o'l;'Ej tha.t an ecJUi va lent .¢.QtiStracint 'f Ot the time :c()n.S tr a int Wdt(l.d 
O:be-:· 
2·, ... •: .,_ in-•. 
rt .sh()uld be pointed .out that the baste: problem tJlat has been 
.. 
. for,mu:I,ated will .require tha·t each station poiri.t will be si:irved by Qne 
·a:rt~; only one · trtick. Howevi;!}r, it may l)e advantageoµs · to ,assign rout-
. -~ 
ipgs such that .S.ome station pain.ts a're .served by more .than Orte truck 
,, 
Ci: .e.. - the total quant:fty :i:'equireJDent at a station point is supplied 
·--~· 
by two or more trucks, eacb of Which contains 1,ome fraction of that 
Sta Holl pofnts reqtti:i:'efilieht) . This concept w;iJl b.e , referred to as 
8 
partial dumping. 
One method that can be used to consider the possibility of par-
tial dumping would be this. Arbitrarily partition the demand point 
requirements of demand points which have " . " . large requirements into 
multiple demand. points that have approximatel.Y the same requirements 
as many of the other demand points. A deman~ ~oint that has been 
partitioned would then have multiple demand :po.f.nts at the same loca-
·' 
·t:ion whic:h :n·ow would be c;onsidered separ:.~tely· ,as ,Jemand points. For 
example·,. a.~ original. l·O. ·deman:d po.int· pr·obl:en1 :nfight be arbitrarily 
... 
..•. 
., 
1.,..! 
/,rf ~ 
I 
9 
III. A REVIEW OF THE LITERATURE 
The truck dispatching tenninal location problem, which has been 
defined in Chapter II, was not explicitly found in the literature 
search made for this thesis. However, a review of the literature 
for two related problem areas (warehouse location and truck dispatch-
ing) should provide background infonnation for the problem. None 
of the warehouse location techl')ique·s were based on a truck dispatch-
,ing: type model. Similarly,. the· t·ruck :dispatch.ing te.chniques assumed 
tp.at ·th·e ware:ho1=1:se· .loc·at"iori- Js :know:n ., A r.ev.iew· of .the work done in 
:warehouse Location: .- - . . . .- . ' . 
~-""'!X:.., 
-.ware:l).quse .Jocat±on-s: h.a.ve .re·cei vecf co.,n·std·¢rab 1~ intere_st in., reeent 
literature.. Coop·er2 out l1:11e.s t.be b-asic wa:re.J.1.ou·se loc·at.:Lon P'rob.1¢in:. 
It is to. 'determ::L1;1~ . .the: loG:at±on., num-ber., ~n..d :s:ize ·of: di-stributi9,n 
"'i... 
whe-n lo"C~a:t.fng: it ·ware.house are: 
••• i:~ Land· a·n·d labor c.osts. 
2 .. Avat_,Ja.bJ~·.lity :o.f la.b·o·r.· supply-_. 
5·. Trans_:por-t.i:1rt:io:t1 .avai l..ab.i l.it.y and: ccfst-. 
,() .. :Inventc:t~y Gost s .. · 
·, 
. ~ .... , 
.. 
10 
7. Fixed cost of operating a warehouse. 
8. Variable cost of operating a warehouse. 
' 
. 
9. Nwnber and size of warehouses required. 
Kuehn and Harnburger 12 utilize a heuristic approa to solve a 
warehouse location problem. The major costs included in the model 
were transportation co.sts and fixed and variable costs of warehouse 
operation. Their b·asic method is to locate warehouses until no 
additional wareho.tise can be added to the system without increasing 
cost:.s. At t·l\is point, ·Kuehn and Hamb11_-t~er evaluate the .¢0.st impli-
ca;tions of changing wa+.ehouse locatJ.ons. The three rtf~l.n heuristic 
·rule:s used. were: 
·1.. J>ot.eliti_a:l war:e .. hc>ti$.~ Joc.-a·t iorrs w1t·1. be at .or nea.r qon:cent,ra~ 
t:tons of delJlanQ ,.· and only thb-$.e points. ·w:.ill be considered· 
.. 
·2·· ... :N:ear,1.y. p:pt;ima.1 d:isfri.'1:>ttt.ion systeni$ c~n. 'b~ ,d·ete~tn¢a: ·b.y 
locat-lrtg warehous~-$ one -.at a t inl~ •. 
~, s-ubset· fo.r· c:l_etai:Jed ·cost ev~.]).1a;tion those -location-s wh·ich 
·:ni:ent. 
. F. ··1·d;:. . Leh' ·.·• -~. 0 3· . . .. . . f hn d' · -e . man ,. : .· · · .re t,. :an·u aay ,¢'-C-:t·~·tide:d. t:he -wo);~~: o.. .. l{u_e: . :an · 
ffarnbt.Jrger to. hand:te nori--.linear ¢os'1~. o-f ware'h·otts:e· o.peratio.n curves. 
::£·:ti ad.dition, they cdn.si.d'e.red :the pos:s:-ib.ili t·y o·f d.ro:p.pi.ng rather than 
a.dding: ware.lio.use.s .in ·or.der t:o minimize .t::cit:al G-o st. 
.-:-: ,. . 
. -·--· --.- ·-- --.··-
, . 
,· 
,.• 
... 
' 
11 
Efroymson and Ray5 and Fleisher4 both utilize a branch and bound 
approach to the solution of the warehouse location problem. The 
cost model included transportation costs and various combinations 
of fixed and variable costs of warehouse operation. Optimal answers 
to some problems have been obtained utilizing thJ.s technique. 
.Sh.y,con and Maffei 32 cl~_s.c·us·s a simulation. procedure for .a w~re-
hotts·~ location proble~. ·-T-heir approach .do¢s not outline ~ method. 
t·o· a:·etermtne· the.- warehous_e sites to be e·valuate.·d._,. ·qu~ r¢qtirle.s t.ha·t 
·y 
·:man,agemen·t- .de·c.·.iqe what warehou·s.e lc>(!at-ior1-:s. are to. ·oe. c,impa-red. Th~' 
,a'.utho·rs'· simulation :model in.eluded the-se: --co:·st. fa·c.to:r-s-: . . . . . . _- ... -·· . . ' . . . . . .. " .. -·, .. •. -· . -
·. .. . . ... 
I.. Tr~nsportation- -co_st _stJ~tictures. 
2-... .W~:re·house oper_a.tin'g c_osts. 
-4 .. ·Fac-to~y ·,'.roe at tons·. 
5:. co:sts: of Iabo:r anq olin:st-ructi.on: .. 
·£? •. :Ch~racteri_E,t i¢_$·· o_f c·ustomer.s ,_ dentart_d :fo·-r pro.duct·s. 
,, 
· ... ~t. 
r:r.uc:k: I~ i s·p:a-t.c:h.ihg_ 
.The Qa-ritzi:_g :and ·RantserJ3. 'formu'lat ion of the -truck d.i:st:>"atqJi;in..g· 
p_.ro'bl~m.: ha:s .b~en prese-~_te·d ·in Chapter I I. The t fuck dispatchJilg 
-p:rob:l_em :is a genera.Jf?·~tion of ·the classi_cal_ t·rave·ling_ s41.~~s.ni~ri 
:p_rob.Jem. Bo:th p:rqb·Jerrt~ c.an. be regard~ci --a.s- cornbinator_i.al _:p}roblerns. 
. . 
-· 
-· '.·' ' '. 
. ' - \ The. e,c"tant l:tterat.ure: is 1 tep·.let:e w,i_th :e~amples of the tr:a·veling' 
sale'sman' prob.J~in,,_ b:ut.' the: tru¢~-·d}s_p:a.tc.hi:µg. pro'pt~m )1a-s not: be:en 
1: 
'. 
\ 
1
11 
.1 j 
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discussed as extensively. 
The basic idea involved· :in the Dantzig and. Ramser method of 
' 
:solution is to link the demand P.oints into "stages of aggregation." 
It a link is formed at each stage of aggregation which later seems 
disadvantageous, then new links will be found for this stage. How-
ever, once two points: .are ).inked at any. stage of aggregation all sub-
/ sequent aggregations w'iJl contain the'· same linkings of these pairs of 
po_:tnts. This proces·s i.s conti-nued until all stages of aggregation 
·h:i=i.ve· been comp-l·eted·. :To ~implt.f.y t:he pres·entation, Dantzig and Ramser 
on,e., proitµct is. to .. be. ,.a.elive.:red t.o· ·eacq :d~:m_a.ntj.· .potn..t.. Howeve.r, the· 
sa.me a_pproa_c:h .. w.it:h .minor- C'h·ang .. trs C·$tt be empl_oyed: t.o. handle .. pro.ble.ms 
.. w_hfc·h -have. tru.cks .of dif':(e:rJ-nJf· ~fa.pacit ie.s or w,n ·a number of d'if:f:e:r-
::ent .product~· are· to ,pe· a··e.·xtve.red t:o eac·.h. dem·and pot.ht . 
. The· £..irst ·st,.age: of :a·gg·reg_a.ti·on ·p:e.rm,:i.ts pc.1~rl.P.g of :po·ints wh:os.e 
q:omJriped d~m:aiid 1·s ·not :gre.a.te'r than ·.C/~N-:t ,. ·w.here N :r:,epresents: the: 
~ 
m~:x,im4rn number ·o:f:: st.a,g.es:· of· a .. g.gJ:eg~.:f:i.Qn th:a:t m.a.y .be:: require.d .. :Th·e 
..... 
s·uch t_:_hat :t.·h:e maxtmu·m· numbE:fr of deli.veries -~'ri:-Y ·tr11ck mJlY· supply is. t . 
. N :~ l'C>g,-. t 
'··2 
• 
b·t · " b. t 1 t· · '' b ··t· n·, .:o···. t ·a·· .. n· t ·· l 1 t · . ,o. : ·arn a es so u ion. , ·. u. · :OP 1ma... so .u .1,on., 
similar experien~·e· witb. other numer'i.ccrl extlmp·le~ .. trnfor'-punate:ly·, 
' ' 
·,: ··-···-: 
-~ 
• 
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the authorR do not report computer execution time for any of their 
problems. 
9 Clarke and Wright modified Dantzig and Ramser's technique to 
allow a first stage aggregation to be made which includes the possi-
bility of linking pairs of points that have combined demand require~ 
N-1 ments greater than (C/2) . They made this modification· _a_fter 
noting that the Dantzig and. Ramser fonnul_ation placed -more emphasis 
on f j.J.1-ing trucks:. ~6 :near· .capac.ity 't_hq.l'.i :on min"i111.iz fng: total di stance~ 
.. 
·T'h.e.:y also in:clUd~id examples_ :o·f J>.tobt.ems wht.c:h 'had multiple truck 
ca_p.acities: ... C.larke· and W:r~ght reiport improved. answers over ·the 
:IJant~·i_g .and: Ramse.r· _fq·rrtiµ1ation, but the modif·ied ·p,ro.ced:ure -d:oefs.: ))9t. 
di.scttsse.s the: me.tho·d :mf.;fre. fully In a ·ma-Eiter '.s tlr.~$:is t.tt led, -'':C)'pt:fmi.~ 
T.he author! s basic:·. mo·dtf ica-... · . . '. . .. . 
· .. · ........ ,· ' 
tI_o:n of th.e .C1a,rke anci W:right . .t:·ec_hni·q_u:e is t,o ·prov·tde: for, -t'lie. 
. 
. . w·r.ig_ht pr~J°c~diire was modifie:d to inc-1-ude other· possib"i¢ :restraints 
(fo:r e·xi:im.p:le_,·; a. maxJ·m.ttm -mll_eage cpnst-:raJ)1t -whic'.h a;n.y ·trl1ok ·:may not . '.. . .• . . - . 
Co.chran cone lude·s that tlie he:u:rist:ic prog:r.amming . approach ,,-. .. , 
. 
' 
' i 
• 
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appears to be the only feasible technique for solving large truck 
dispatching type problems in a reasonable amount of time. The authors 
report improvement in sample problems which were compared with the 
Clarke and Wright fonnulation. Again, opttma_l. solutions cannot be 
guaranteed, and no estimate of computer running time was reported. 
1 Brokke has Oc.~:velo_ped ·a bra:nc:h and bound algorithm based on 
·the original forrrttflat-.io·n; of ·Dap.t_z·.1_g= and Ram·se.r whi.ch guarantees 
involv·ep. i:n t .. he branch -~11:g bound· procedu-r~ is ·to: parti.tio-:rt th~ set· 
·,. 
,~ .:· 
o·t· ·pc,s·s .. ib1e. ·tours Jn(o- s.m:al.le·.r and. smalle·r· siibsets fcfr· whl.ch. a low.er-· 
_b.oun.d on ·1::4e. ·mtnirntim distan:c¢· coµta.In·e:d. with-ip t·h~.t su.-bs.et.· ts ca.tct1~ 
lafed. .Tp.e: J:ower bounds ~re li:$ed a.s a .gu·iqe. f.o.r pa:i·titi.o.n:Lng. St(b--.. · ..... 
. " $:¢"<fttetrt :to·u.rs into supse·:ts whic-h .will :u1ttmat·ely identify' tli"e ·opt-fmal 
t:o.u·r. :T.his .pr99e-s:_S· ls: cont:tnut~9 @t ± "I a subset: Js: f·o't1Iid :that. co·n--
t-~ins :a .fe·a~rfbl-:e· -s:o.lut.ion whose minimum dist~nc~ ts less· ~than .or 
~ e.qµ=a.l to t-h.e lower bnund. c{( a-11 the other subEi~ft $:.. This· f:¢a;;;._i"bJ~: 
• 
solut-io·I) then :repres~nt,:s an o.ptimal solution (:mult.fp:.Ie QJ>~·Jmal answ.er.s 
t~$'t1nt, t.h..e:- aigor:Lt·h;n pn more than a· =11li"i1d-r~d .-pro=blems.. :'"fhe: :major:i.ty 
l>,:y· comp:u:f-er· rtJ~Ifi;n:g t:ime -on a:t1 I_Bi\t.;..·300. c.omp-ut·e.r to :Problems un·der 
·for· a ·1;;J;1reij t ruc::k 15 :demand po .. int .p.ro:b·l~ill ~ s: reporte.d :to p~-- .. approx-i~ 
·, . .,. 
·1 ' 
/\ \l- . 
.• -. 
15 ) 
the distance which any truck may travel. 
Held and Karp 28 discuss a dynamic programming approach to 
sequencing problems. Coc]1ran26 also reports the use of a dynamic 
programming technique on a small truck dispatching p_r:oblem to give 
an optimal solution. However, Cochran also stat.Ei$ th'at the dynamic 
programming r;iethod. would become intracta·ble ·on larger scale problems. 
Balinski a.nd Qita·ndt24 formulate: t:he· ·trQ_c·k dlspatc.:h:fng problem 
t.·h.-at th.~ .d:i.s.c.-qve:t·y :of a ¢om·puta:t,t·9.riall.y .e.fficient .a·lgo:ri thm :fctr 
solvi)1g this t'y.pe .pro.1J.l¢ih wo.ulc.1. 'be -a maj: .. Qr ·cont.-r:ib11tion.~ 
. ·22 Hayes· d.t.s.-cus$·e·s· tw.o apptoac.hes: tJsed' t,o· solv:.e t·he 'f·r·Uc'.k .d1s:-
pa tching- .p~o.bl:em. The f.i.r$f ·±s ~ranch: anq f:Jou.ttd. approc;1.ch w·h::i.Ch is, 
I 
. . . . a direct. ext,ens:ii)Ii :of t:h~· ti'f_gorit:hm of LittJ.e; et: al. SG: The: author 
h,aU.$.ti.ve.ly~. In .ad:d:i.t:i-on, lt w·a:s ·re··ported: t:hat the. eo11tputation t;':.i:rne·,··--
·\·1; 
l:rtcr.eases: .:fpr b.oth incr.ea~ing :t.h.e· nt1ri1ber· o;f :rout_e:s {a_s·s-timtng :a ·fix.ed 
p:oin:ts.· with· 1:·pe· fium:be r :o:f ·r:oute s. fixe:d . 
••' 
.d·emf:}Jid poin·t f-urt·he:~it fr:om. th.$ v 1ar.ell,o.:u.se. Stjiis.'e·quent 
~-
.  :. ,..___.:., . 
-· ."/'~. '. 
3· 
.. 
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demand points are chosen so as to maximize the product of 
distance from the warehouse and the product of distance 
from the warehouse and the distance to all points previously 
selected. 
Randomly select ·one of·, 1:11:e :o·ut.s·fde pofn..ts. 
Scores are computed, fat unp.laqed ·p_o i:nts ~-
to begin~~l 
Scores being a 
linear combination of -the fo:l.lq\ving c.harc;\_c.teristics·: 
a . :Demand . 
"b ... 
. . Number of othlclr UllJ)laced CU$tOme:ts wl.thil'l a specifi¢d 
c •.. Distanc·¢ from .g;. stra:i,ght line between the inlt1i1 
po-in.t an.cl ·th·e ·wareJioJJse·,. 
d .. Di:s:t~)t¢e· from ... wa,r~house. 
e. Dist·an¢e from the nearest other unplace(l OUtSide pOiJlt. 
f·. Jiandom: e-leme.nt- •. 
4. The ctemand point: With the llighest score is s.elected t(). b.e . 
.I'·· 
·placed on t:he ~¢fut.e .-
.• -J 
5. 
the scores tor the unpla;Ced points; and return to step 4. 
-6- ... -~ Reti,rrn t;o $(;ep 1 and CO.:htinue cornparill.g solut 1011$ t(;Y best. 
·so.luti(Jp o·btafned :so ·ta:r.· 
The author reports ipvestigation of Using varfou$ Weightings 
·. ~ . 
,for the fact.or~ listed in $t.ep 3 aboye .and ali:;o the determination 
.. 
Of a re.asQnlible stoppirj.g rule to. te:I'Jhinate 1;:.he Program. 'thl.s 
'•!'."'-: 
( 
I 
17 
program was reported to give varying results when compared to 
.• 
other techniques. No estimate of computer running time was reported. 
·-
.. ,, ,:·.:-· .. 
.'.--_i.-!, 
,,., 
1· 
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IV. THE HEURISTIC METHOD 
The heuristic program that will be discussed in this chapter 
• 
will be applicable to the basic truck dispatching terminal. location 
problem, which has been defined in Chapter ~I. Var'iations of this 
basic problem are also applicable to the following· :ba_s:-i.:c heurist_ip 
......... 
program; howeve.r, :a discu~sion of possible vari_-af::~on~ .. w.-i11 be· 
included in Chapt~~ VI1I. 
. . 
·used th.r·9:ugh·p:u·:t thi.s c:tl_a·pte·r to· il..l.t1$t.tate the .me:thod of the 
; 
-with respect· to 9ne· :a.not·her0, wlii..ch m:ay ::o.t :may not c·o·rre.s:pond t.o th·e . 
.. The re·ctaztgular ·co-
.'r ·~ 
·ord-.i·nate·s (X,"Y} are c1rie.nted: so ·lh.-at atl d:emand po±rt.ts_: w=ill. lte . ., .. 
~ 
'\ . l i-n t.-he· .ti:·rst quadra·.nt.. P1 is ··l.abel·¢d th-e. p.ote·n.t"i.a1. w~rrehouse ];9ca~· 
ti.on f_tfr t-h·is e.x_r.1mJJ:le·.. In an- ana.l:pg_ous· m·anne.r, each· ·of t .. he pt-lier· ·9, 
qent:ano poi.nt-s w:.(Jll_lq also Iate:r be a-ss±gn.ed the rol.e cyf· p9ttitit.·f:al 
T·here are c~rt~·in ba.s·i¢ a'.ss-umpti:cfi1s i::'.hat w .. ill b·e- ·ma¢J-e. f:or· ·tt~~ J 
tio:ns a_re· ~tri.-c.tly p·~·~_essary (Ch:~pter VIII will d:is-c:.uss· h.ow e.a_ch of 
t.hes·ef · :a-ssumption·s. may· bE!. ·c-ircumvefnted). However·, these a:ssump:t:ions: 
lt)c·at·"ion :Prob.l·em -an:d ,: in f ac.t, see.m r~as··oJ).-;rbly· ··vali9 for many :Pract:.i,.qa_l: 
.·" 
. . 
.. 
.-·"': 
.. 
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FIGURE 1 
(A 10 DEMAND POINT EXAMPLE PROBLEM) 
y 
_.. _
_
_
_
 a--i ---------------------x P1 (Potential WarPhouse Location) 
,: 
··, I 
··~ .. 
.. 
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I' 
Assumptions: 
1. The demand point requirements are deterministic. Expected 
valu~s could be used for probabilistic requirements. 
2. Potential warehouse lo-cations will be conside·red for only . 
• 
those points which are given as demand point locations. 
a. The most significant cost factor will be the transportation 
co·s_t .• Other warehouse location cost fa_ctors, which have 
been discussed in Chapter III, will.~6t jary significa~tly 
from one location to. another ... 
bt3 ~-quivalent to ·mintmiz~t~ort o·f. t.ratisp·o·rtation costs • 
. :s,.. '.fh:e.: .¢.~p}lcity o:f· ev.ery ·truck m·tis.t· be greater than or eqtia:I 
:tb t:he .demand r.¢q·ut:re·ment .-at- ,each demand point loc:at-ion . 
. I 
·• 
6. T·he: cost/mile o.f .Qpe·.r~ting the -various capacity- truc·k_~: l_s: 
the. ·s_.am.e (i_:. e •. - ·:There. ts :no p:r~feren¢.e. fo_r· g,rea:tetr utili~ 
on·c,e tJte cfe111and :point·s to .Q-~: -~s.sign.ed to .a p.art'icular ·.-rrucl~'s 
t.rl:J·q·~ is _.r¢.duced to a travellJi;J.g salesman problem.. -A·s· wt-11 ·be seen 
::i.-~te-:i:i., t:i1¢. heuristic met_hqd qf t]Jis .. t--hests ass.ig:n.s t-he dein~nd points 
··to:rf :e~c:h. truck's r6uttpg: :b:y, t:he se.quen-ttal ·adcfiJion of: one city. at 
-a. ttme until the. t~uc:k's c_apaci.·t:y·:o:r mileai~;_e. restrictions· int,e-rcede-.. 
:1<a;rg and Thompson lI ;ha:,V.~ _Q$V:elo:p.ed a heu·ristic merthod to c;:let·e·-nn-ine·, 
the best point at. :wbi'.c:11. ·to in·sert. an additional ''c·i ty'·' i-n.t..o a pre~ 
vious.ly tt_e.t·e:rm.ined ·n. city travel) .. ing salesman pr.ob . .lem to o:bta:in- :~ 
I ( 
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minimum solution to a n+l city travelling salesman problem. The 
basic idea involved in the Karg and Thompson heuristic approach is 
to calculate the additional distance that would result from the in-
sertion of an additional city between every pair of points from the 
last routing. Then the insertion of this additional city into the 
routing is made between th_e pair of points for which this additional 
distance is a minimum. 
Refo·re preceding to .a ,s.te.p:W.f Ef~· d-isc.us-sfon: .C>.f the he.ur.is-ti:c 
··method,. a d'l.~c-ussion of t'he. t·'.htee basic: he.uristtc· rules µtilized ·by. 
the: metho·d wi 11 be· _p_re s~n.te_d .. 
H·euristic Rule· 1 - ::r,ear: opt·im~l $o<Lut.ions· may be obtained aJr 
each. potential ware}lc'.>'ti:-se location by :initially assigning truck ro_uting:s 
oµe at a time. r.:11e f:ollowing two _heuristic rules will outlin~- ·th~. 
p.ro_cedure for o_btai'ning: a good· .so. l.µtio·n·: for eacll t-r.tt<}k 's- initJa'.1 
find ro·uting tnt:,e.rc.-h:ang:e~-· wh·:i.ch may ·tmprov~ ·t:he fnitia.l so·14ti_on .. 
t)le furthest .out (based on stralgp.t l_ine clistances) !rqnt the. p,ot·et;t~ial_ 
:w.a'.renouse- location. In Figure 1 f.·or ex~mple, P:5 .wou·ld. b.e selected 
:as: the :most distant unassigned dem.a.n<l· point: fro.m .P1 .• :ilow.ever, if 
P5 , p10 ~i1d :p7 :had been pre,ri.o.usiy :assl ..gned to ·anotheor ·t.:ruck .. 's rout-
1 i:ng ,· t:hen p:4 wou:1d nave b.e.en s·e·le.c·~e<:{ ~:s th~ ·most .distant µnassigned 
d:emand p<?int f_J?om P1 . Stnc:e ·a11 demancl' pciitit·s must. be serviced by a 
. . .. 
•. 
•. 
"· 
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truck, this heuristic rule merely specifies the initial demand point 
from which a complete routing will be determined using heuristic rule 
3. 
Heuristic Rule 3 - Subsequent demand points will be assigned one 
at a time to each truck's routing by utilizing a geometric search 
about the potential warehouse location and the furthest out demand 
point until a capacity or mileage restriction intercedes. The geo-
metric search is conducted in such a manner as to give a greater pro-
babi li ty of .finding subsequent demand points nearer to the furthest 
out deman·d po).nt thar1 _to t.he. potential wa·r.e·house location. 
t:-ive idea inv.ol ved l1e':re i.s: this. Si:11ce ··.the. t_rµGk routing under co.n~ 
. sid.erajtion must :setvic.e. ·t:he fu·rthest out .d~Ib.an~l ·po-int anyway,· i:t 
·would be advantageous to: ~-lso -service dema·n.d p::oint:$, Wbich are in ·the 
f·rom tpe p.ot.e-l):tial wa:rehoti-se location as po:ssi:ble·. 
'1':he geqme·tric. ·s.ear_c:hing procedure is_ ba.sed: ,on sweeping two ~quai:1. 
angles (01:::::"~2.)- abo·ut t 1he:· potential war~house lo.ca.tion from the line 
drawn betweei,,i: the pote.ntial .:wa·r.ehouse location and the furthest out 
demand· po·t_nt. under considerat/ion ... These two ang;les a-r~ swept until 
an_ unassig.ned demand po-int i:s encountered. In Figure '.2: for example, 
. 
ei:ico,un~er.ed~ -N:o:t~ ·t:hat. t>rr:ts method of searc.h will sweep proport-ion-
·• 
·ate"ly g .. te:~ter ,a·rea_s ne.a·r P-5_ than near Pi~ 'rhe encountered point will 
be as.sJ.grie.d- t:o :this trti.~k··'s routing_, if ·fea.:sible_... The geome-tric 
... 
6 
' ' 
-.... -.... 
~ . . 
y 
I 
I 
I 
. 
, 
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·-. 
points are either assigned to this routing or temporarily removed 
from further consideration of assignment to this truck's routing. 
Now, the basic steps of the heuristic procedure will be pre-
sented: 
·~· 
, .. 
Step 1: Select a potential warehouse location point as· a 
starting point. Since all demand point locations will be evalu-
ated by the heurist.ic., demand point 1 (as shown in Figure 1) 
will initially .be selected ·as. the _potential warehouse locatiori:-.. 
Step 2: Select an ·a.v,ai.lable true~ for wh:±ch .~ routing is to. 
be assigned. I.f .a;Jl .de.mand po·i~t:s -have :been ·as:signed a. rout.:i·ng:,_ 
th_e_:ri .go to. st:ep 7. •. 
tion· - :p1) . -As.sign t:h,e dernitnd pq~~t: ·wb,i-ch: -has the ·ma~imum :radi-tls 
valu~ t;o t·h.is t:t·~cJ< ;:s .routing·. 
~t.ep_, 4:~·· ·using .sweeping. ang·:te concept at·s¢ussed t:n' helffistic 
._:... :tu.le· :.3, se,quentia1Iy sweep -unt:i.l a~1 t1:nc1.ssig.ned d·e;rn.~nci .. point is 
enc.o:up.tered. I.f .it. i·S . fe_asib·Ie tt) a:s.sign ·th:is 'd~ntanct· po·.in-~, ·t_o· 
:ste.p: 6. ..Rep.~at: th:i.s: proce,s .. s: up.t1.1 a:11 u_n~.$si.g:ned- deman=d }10.i)1ts 
)1a,v.e· be-en :enc·ount·ere:d -an~l the:n retu-rn to $·te:p .. 2. 
Step_ 6': T.emporari:ly r.emove. this -d·em~:bd p_oint ·f:rorn: p:pss:ible· 
a.s:signuient to, :fh:'i .. s t .. ruck's ro·uti:ng-. Ret.urn to s.t-e.p .. 4. 
\ 
.• 
I 'i 
' 
''1 
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Step 7: At this step of the heuristic, all demand points 
have been assigned to a truck. Then each demand point on each 
truck is tested to determine if an interchange of this demand 
point with any demand point on any of the other truck routings 
will result in a reduction of total distance for all trucks. 
This pro9ess- is continued until all demand points for each truck 
have been compared with all deman.d points on a·ll ot_her truck 
rou~ings. Interchanges wh·ic-h.- lqwe·r- the tot.a.l dis.t_·ai1ce will be 
made. The routings resulting· :fr:oITi: the.-s·e interc~ang:es. will also 
be detennined using the: -:){::a~g ·and- :T·hompson heuristic techniq:tie::. 
Step 8: ·1f -al I potent i~l ,ware,lioµse locations have not .. ·be.en. 
:analyzed, t·hen r.et:tfrfi' to st·e_p .1 -~11.ci G.ontinue with the next 
potential ·ware]Jpti:se loc-atiort. :A.'f:t·er .the :la_st potential ware-
house· 1o·ciation ha:s: .been· analrzEtd, rank· in increasing order of 
to.t·a1 dJ$t:an.ce· values all ·9·£ ·-the. po''.ten_t_:ial warehouse lo-~atiohs .. 
Figure 3 ._rep'~e·sents- a f.e~sible routing for truck 1 f~o,in th_e- potential 
ware·hou:s·e locatio1t at P1 • This routing was detennfned. by fir-st assign-
in:~ P 5 ·using step 3. Then using steps 4-6: 
(a) P10 is next asslg-ned to th·e r:011t·-ing. 
.. (b) Suppose P4 is found :to :v~_9J~·t·e tb:e ·truc··k:'·s., :c:apacit.y.con--
ment-~-
(c) p7 is next. :assigned to the routing. 
(d) Suppose that 't:h¢ other demand point:s can.no·-t t,e· af{Signe·d _, 
to this truck:'s ro.1.lt:;iiig due to a ·viola.ti.on ·of: the, truc-k ,·:s 
• . ..;..~·· 
•. 
., .:, .,. . 
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FIGURE 3 
(ROUTING FOR TRUCK 1) 
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capacity constraint. 
Hence, the routing for truck 1 has been determined. The first 
demand point assigned to the next truck's routing will be P4 , since 
it is now the furthest out upassigned demand point. 
In summary, the heuristic method first determines a reasonably 
good solution utilizing the three heuristic rules discussed. Then, 
a systematic search method is employed to find any ·possible imprcitT.~.-
rnents. Appendix A presents a f.Iowchart for .the· heuristic· metppq. .. , 
·' 
.. 
,··-.- ,.· 
.. ·f!.: .. ,. ;, . 
:J···--:: 
.~: 
. - . - -. .- -· .,~ . 
l 
~ 
I: 
ii 
i 
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V. PROCEDURES FOR EVALUATION OF THE. HEURISTIC METHOD 
~-. J 
The evaluation of the usefulness and validity of a heuristic· 
~-
method of problem solving can be a difficult undertaking. A heuristic 
approach to problem solving utilizes the application of intuitive 
rules that can reduce a mathematically horrendous propl.em to a: mo·re· 
rnanagea ble form. Sinqe: f:he heuri s ti.c. approa·9h t$.. :tnt·uit·lve ·tn n;at::ur~, 
problems usua1Jy .¢J111 be contriveq as. cour.rte·r·-examp·Ie:s (or Q<tcas:·_io-nally 
found in practice) .:for: -wh.1¢h ·most. heirr.isti:c· met'l)_qd:s wtll not obtain 
... 
th.e solut,iorts of oth:e:r 'known. ~et·h.bd$:~ 
.. 
. C.om.pari$.bn of t.:he s·olutt:on t_imes for the, .he:u·r:t:stic ·procedure .. 
:and the other known me'·thods: .wi_th :r~:s.:11e .. ct: .to =va.ri'ous s·ized 
whi.c;h has be¢.IJ .d·i_s·cµssed: i.n Chtipte:r· IV, will .be: e.va.lu:at·ecJ .wt·tn: ._res·pect 
·to. th:e ~fbove fw.d. crit·eria. S'ince the proble.m to· wh.i_c;'.h· t·h=e n~u-r.is:tf:c ·· 
_l. 
:m·eth.od,"_i:$ .. addre_ssed has, not· been specifically· ~n:c_·~untered- in .. t.he 
literattJ-:re, it will ·be :nefc·e}3sary to compa.re a :sulJ~probl_e.·m of ·the-
......... . 
n1ethod is: "Ine.re:l)t a: t.rtick disp·atc.h-:Lng·: ;p;t-t>.blein ·t.tt :ea.ch pc,te·n.ti_J;,1} :w·are:~.-
··i..:-•·.':.!, 
'-. 
J' 
,,, 
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potential warehouse location can be compared to solutions that would 
"' 
l be obtained by the other methods for solving the truck dispatching 
problem. Comparisons can be accomplished by merely assigning a po-
tential warehouse location for the problem of interest as the actual 
terminal location for each truck dispatching method that is to be 
used for a comparison. Hence .. t t·he two basic criteria for the evalu-· 
ation· o_f the heuristic meth.od -m-a.-y be applied to the sub-problem of· 
·truck dispatching. 
Brokke' s 1 algorithm c-an :Q~- ut-il.i.ze.d t.o obt)3:lri .opt.i-m~1- :c:1nswe·rs: to :·~ 
s'.olut·.ions te> · optimal solq_:t::i."Cin_s· for ·tvt9 cas:~s is prqposed:: 
. 'l-·. 
lo_c:~tion. :for· 9 ·p.a_1tt-i;cu.la.r- p:rc:fbJein. 
·ca.ti-on :f_qf· a: numb.e-r .. of p_ro:bl.ems .. 
\ 
tiqns: ;d_iffer .fr.om. t.he: :optimal $-C>.l·utio .. ns f.or :bot·h c_9-s:es· w·ill be d·eter-
nrined. Also·_, a h_J_stq.gra:m will be used: to d-epjc··t· the ·distr.1-bt.ttion o:f 
.. 
the percentage that the he.ur:fsti-c .so.lutiorts:· dif_fe.:r :f·:rom. ·tJiei 9p.tlm·a'l 
solutions·~ 
t,e.-ch:niqu.e ·-o.f Cpc.h·ra_n2 6 at1d t:h.e ·beuri.stt_c' :technique' o::f th.is -t.-hes1:s w:ill 
.. 
,s~·mple- s:.iz¢ c)f 5· probl~ro.:s :Wh.i.c·h,. :ha·ve bee_n .doc:umen,t~d by Coch·ra~.-
"$!"" 
. ·. 
·,. 
• 
~-
·\ .. 
-..,. -: 
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heuristic method of this thesis as a function of problem size will be 
presented. The computer times will be determined using an Ilfd: 360/50 
computer. 
•' A met~d for generation of the problems that will be used to 
Compare the solutions of the heuristic technique with the optimal 
sol.1.1tions obtained using Brokke' s algorithm remains to be determined • 
.. 
T:h·e. :Jhe·.thod· that will be used is this: -. ··-. . ,• - -· . . . 
(a) $elect a nUnibe:t o.f cities and their respective r11ileages 
.f:roin ·e·ac.·h .othe.r .. A t~oad at las could b·e u~ed t:o obtain 
t.lie..s:e: V:alu~·s· .: 
.. 
(b) AsSign the demand requirements at each S\Hected city as 
=bei-n·g proportionc1.l to each city·':s. ·pop.u.lation. 
(c) S'elect the truck ¢ap3.cities in such a manner al,; to obtain 
This method o.;f PrOblem gene.ration shoUld prodµce a numbei: Qf 
.realistic problems for comparfsoh. Appe!lcli:x C lists -the problems 
li1: / 
• 
. . , , .. 
'[_. 
1· . 
, .,I 
' 
1' ;" 
.... . j:-
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VIo RESULTS 
Figure 4 illustrates the average execution time on an IBM 
360-50 computer as a function of problem size (number of demand 
points) for the heuristic program. Figure 4 depicts the execution • r 
time for a 100 demand point truck dispatching tenninal location 
problem (i.e. - The heuristic program has determined the truck rout-
ings from all 100 pote,:n.tial warehouse locatio.ns).. If the warehouse 
location is g_ive.n,. th~·:n the solution time of a· .l.00 demand point 
t·rµ¢~. dispatc·hin·g _prioblem would be approximat.ely 0.35 minut·es exe-
·¢.ut.io.n. time .. 
...J: .. . 
·The he·urlsti.c: t.ec:hntqu~: .was compa·re·d ·to. all pro:b.1¢m_s found . 
. docu.m~;ri1:¢d. ;tn the· litera.t:Ure. Table: _:i: ·slinimarizes t}te:.$.e :Il-rob·l:erns :·: 
~;rob l:e.rn 
Numbe-r· 
1 
2· 
4 
:5-. 
TAB.LE .l 
.(P:r~oblen1.s. ·f.:tom. 'the. Liter~:t:1:1te)· 
Source 
... · 13' .•. Dantzig &. ·Ram:s.er: ,,, 
Brokke1 
C .. h· ... • .26 · .oc ;ran· · 
·c.ochran.~6-
·~. ; . . . ; . . - -
·dochran26 
26 Cochran 
No- .• _o.:f 
bema·nd ·Points .... ·· '. - ': 
-
12 
1·2 
13 
1.2 
:·.~;. 
.-No.. .o·f.: 
r·~uck:s: 
4. . 
4 
3 
6 
4 
*P b·1· · ···s·· · ··· · t .... h ... · · am·-- · ·roblem as Problem 1 b).1t .. a: :·dtst.anc-e re-·s·-t:r:i¢:-:t:lo:n ro em .. 1 s· . : .. E3 s e· ·p · · . . . , has .b~en· imposed on· a:11 t:ruc1<s . 
h al , • 
. -
FIGURE 4 
40 
(Execution 'time of Heuristic Program on IBM 360-QO' CompU;i;_er) 
35 
.. ·:: 
'. ~--: 
30· ··.·: 
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The results for each problem are listed below: 
Problem 1 - The heuristic program obtained the optimal ~ 
solution at the given warehouse location. It turned out that 
tbe beuristic program gave better solutions had the warehouse 
pe:hn·. 1.ocated at any of .the .. other 12 potential l.ocations. 
' .. 
·Problem 2 - The .heurfstfc program solutio11 diffe·red by 5% from 
~-- the optimql :solution. at the given wa·re:house 1·oc·at.ion. However, 
-.on·e ·ln.teresting fac·t :w~.s observed :;fr·9m t'his pr.oble~. The give:n 
:"e" 
wa.re_h.ous:e: ioc.ati:on-. w·,1s: loc .. ated; 1rpproxi)na:t-e .. ly at· ·the geograpbi-c·al 
·:ce11.t~p ·of: t:he· d:ema·n:d point: ·locations under ·con-~ia_e.ration, ·but 
~nother pote·nt_ial war-.·e:house: :1oc~_tion q:ui.te :p~y.i-<>Qsly .far 
sol ut.:iol). as the given w:a.renouse l.o.c:a·tf on;.. The. f·ar.: rem.ov.ed: . .. . 
.. - . 
. .. 
:P.o:tEtrtt:_1 al wtfehouse loca.t ion :_had a soI-ti·t i:ori: ·of 426. m-1 l.es, ,whil·e 
the '' center" 1 ocation. had a s:ol u:tto.r1 .of'· 42:2;_ ·mlle}~. Thus,. 
location i-$. b.est 'f:or·: t;tie ·-warehou:se:. , .
..... 
Problem 3, -. Heurist~c ;progrirm :S:01.ution W,~.S the. ·same a.s th"e 
optimal .. solut ±:011!' 
the solution. obta.ined ··u.-s_:ing ·t:he Cochran heuri-s.t··tc :zneth.c>d .a:t: t·he. 
gi-ven \V:are.h.otise: ·1oca.t:t.on~ 
... ,. ...... 
.. 
-. 
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Problem 6 - The heuristic program solution obtained the same 
total distance as the Cochran heuristic solution at the given 
warehouse location, but different truck routings were obtained 
by each methodo 
Table 2 lists the' problems that were generated using the method 
discussed in Chapter V (which are documented in Appendix C): 
Problem 
Number 
7 
B 
10· 
Stat:·e 
,I · .. • ·:; :., 
Ohi,o· 
TABLE 2 
(G~nerated Problems) 
Number of 
Demand Points 
10 
10· 
·No·rt'h Carolina .. - .. -· •, ·• · .. 
. 10· 
10. 
No ... ·of_: 
T-rttcks. .. - .. • . .'. ' 
.3 . 
New· Yo::r.k prob,lent, bµt- ·o:nly .. at :'.one p.ot:~ntial warehouse -loc·ation .. for· th·e 
to run ali · lo New ·York lbG~tj._ons -q.·:sfn·g Brokke' s opt irt1at met'.hoci. w.a.s 
',, to obtain. so,ltiti:on·s .. for ~fiJ 10 .1o¢a.tt:on:s. 
rrab:le 3· compares- tli~ results ·o:f tlie solutions obtaine;d by t:he. 
·h·euri.Stic method with ttie: o.pt.im1t1. solutions. In addi tto.n, ··two· 
. ' ;stmtlar sized prob .. lems.· (Pro,bl~m..:s 1 and 2 from Table 1_) ._frorrr ·tv~· 
'---
.Ii_.t:tarature .. to.t· whi'c-~-. :t·he optintal. an:swe·r:s are k-noWll_: .are: i,nc.-1µ.d.ed. 
in Table ·3\ . ., . . 
,.. 
·• 
I' 
,. 
r 
·~ j 
''··· 
TABLE 3 
(Comparisop :ot· :He._utisttc Solut·tcibs: wi.f:1'J.: .Optln1ai) 
N. Y. (Albany) 
N. Y. (Binghamton) 
N. Y. (Buffalo) 
N. Y. ( l:thaca) 
N. Y. (Jamestown) 
N. Y. (Poughkeepsi~) 
N. Y. (Rochester) 
N. Y. (Syracuse) 
N. Y. (Utica) 
N. Y. (Watertown) 
Ohio (Co~umbus) 
North Carolina (High PoJ!nt-)· 
Michigan (Jackson) 
Dantzig & Ramser 
Brokke (N. J. ) 
./ 
Op t . .i nta.-1: 
:Solution 
1311 
1238 
1036 
1135 
1274 
1548 
994 
1116 
1245 
1322 
994 
.8.97 
:711 
.2·90. 
422 
... 
llueristic 
:solution 
1376 
1271 
1036 
1363 
1313 
1585 
1040 
1321 
1311 
1322 
1052 
908 
730· 
290 
44:a 
* 2. 5 min. Total So:·:1.ut.io:n ·Time f-or ·:a:l:-·l. 10 ij_. ·y .. i>:rqbl.etn:s. 
,t 
·%. 
Er:to:r. 
-----. ~ .. 
4.95 
2.66 
0.00 
20.00 
3.05 
2.4.0 
·4_;.6'·2 
17· .. ·70 
5:.30 
o.·oo 
·5._64 
l '-13 .. -~ 
2·. 68: 
o.,o·.o 
. .- . 
Optimal 
Solution 
Time (min.) 
32.0 
9.9 
12 .1 
2.7 
62.0 
45.0 
c; 3 . 0 "---
2. 2 
9, •. ·7 
.2_7.:9 
s·. 3 
3.5 
11.7 
10. 2 
13.5 
·' 
Heuristic 
Solution 
Time (min.) 
.,_ 
2.5* 
2.5 
2.4 ~ 
2.5 
2. 5 ' 
2.6 
', I 
'~ 
·' 
r J-
I 
I 
• II 
~' 
-1',. 
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The average% error for the 15 problems from Table 3 is 5.00% 
and the variance of this error is 35.50. A histogram depicting the 
results fzom Table 3 is shown in Figure 5. 
The concept of partial dumping (Chapter II) was applied tot~~ 
\ New York problem. It was arbitrarily partitioned from a 10 demand 
point problem into an equivalent 19 demand po·nt problem. (Note 
that a 19 demand point _problem would be co u~tionally impractical 
/ / 
to -P~ applied to the branch and bound teclurrdue of Brokke). The 
re,sults are qt.Jite interesting and are summarized in Table 4. 
TABLE 4 
·(N. Y. ·solutions with i:,~·rtfa). Dumpi_pg) 
Potential 
Warehouse 
Location 
Albany 
Bingham top 
Buffalo 
Ithaca 
Jamestown 
Poughkeepsie· 
Rochester· 
-s·y_ra.c use. · 
Utica 
Wa.tertown 
neuristic Solution 
with Possibility 
of Partial Dumping 
1318 
1228 
l204 
1:ao:o-
1a:1s_ 
1597 
,1040 
J350 
1202 
:13"6.4 
s.o1u't:lo,ns: t·h'i=tn. the. opt±m·al soluti"o~1s ,o·btained previo·usly for the 
:s'ame problem- ·withQt.J_t the possibility- of partial dumping.!,. ._Althoug-h .. ;-
5 of. the· 10 locations now have worse heuristic· solutions than without 
partial dumping previously, 4 locations hav¢ imp-roved ll}lon their 
· heuristic solution· without partial dumping; (1 s:olution remained UI1-
changed). Appendix D illustrates an. ex,amp·Je· of: th~ ·part:t-a:1 dump:tpg 
.•.. 
-, 
.j 
-~:1 
Figure 5 
(Histogram of% error from optimal of heuristic method for 
15 problems) 
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concept applied to the New York problem . 
... 
.. . 
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VII. CONCLUSIONS 
The heuristic method of this thesis is useful for solving the 
truck dispatching tenninal location problem for a single warehous~. 
The solution times are reasonable for large problems (About 35. 
minutes on an IBM 360-50 computer for a 100 demand point problem). 
Results indicate that situations .may arise f·or wnich th·e- :p:est ware-
house location is no.t :nea.:r:, t.:he geographical center: -ctrf· the. demand 
poi11t locations, wh~cb ip.tuition says it will be: .. Furthennore the . -_ .. -· . . ' 
·tot_~·.1 distance reqµt·red f.qr the t:rro.q_k, :ro.utings. fm-111 a:n:y potential 
warehouse Io9atj.on; :is calculated. Th·is: would :permit· .-o.ther. cost 
.considera:i;fons, sue& land Costs, to be: included at any potential 
1o·cat1cin. t_o: ·determine t-he over·a.11 be·s·t 1.ocation. Many of tJre.se . . . r1.£· . -
qther cos·t c.on:s:td·erations may :be a:dde:d ·to t.he: basic heurist.ic :tne.:fr:hocl 
with only ·.minor changes. 
:teriiative schemes .for a giv_efn ·mlilt:ipl.e. war~·ho:_use. 'io-cati.q_n proble,m· . 
. b1eni was deteririined. . . .• . '.. . .. . .. . -
<. 
th~ classitcal truc'k aispflt.ching problem. The ·so.lt.t1:io:h time is v.ery 
f·ast (Approximate·J.:_y· () .·35 minutes for exe·c-ut.i-on on an IBM 360-~·o· ,, 
c_omputer for -~ l()o· d~mand point probJ.em). ·"r_J'he largest size t.ru¢'.k. 
l\r-
di ~patching pr.ot>lem .. found documented in: the li ter·at.ure was tb.e: 26 
demand 'poi1)"t-. problem 'q>f Cochran26 •. The heuristic method of th"i:s 
• 
thesis obtain.e·d a sllgh:tly b·ette_r _so~ution to this 26 demand .pofnt 
:~ 
r,· 
__ i,..'. ·.; ••.. ·. 
·, . 
~----, ... 
( 
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problem than the heuristic solution of Cochran. Four other smaller 
sized truck dispatching problems were documented by Cochran. The 
heuristic method of this thesis obtained the same solution as Cochran's 
.. , 
heuristic method for three of these four problems, and a solution 1% 
higher than Cochran's solution for the other probl~m. Since the com-
puter solution times for the heu-ristic method of Cochran were not 
re_po~ted, no comparison c1'f the s·ol.ution ttmes between the methods could · · 
be made. 
Optimal solu-t-±oris obtained by the· b.ra·nch :and· boun·a: al;g_orit.l:im tif:: 
Brokke1 , w_:tiich is it.rriited. J~y c.ompu.ter soluti.on time fo.· ·proplenJs of 
fewer than 16 demand point:s., were used to chec);{: t::h_e h~u'rf_stic method~ 
Th.e ·optimal solutions o;f 15 truck dispatching· problems. ·we-re compared to .. 
t.he. he.ur·is·ti-c. solutions. The heuristic sol11ti_on d''i.f".fered· by .less. than 
•,• 
·6·% from- the o·pt.im-al s·olution for 13. of t_hEis·e ·p_roblems.; .whi.l.e tw.o. h·eu-
'Brokke '·s--. . . . ·rt·st i-c· s:.qI·u:t_"iqns· d-~tf.:~,e.r.e.d o_y_ ... · l-7. 1·.%: a.nd 20% respe:ctively. 
-~ 
~: . 
, .. 
. ,.. 
aig.or:f-tJ'.uiJ )voJild ::Ii·cJrm_a:1:1.y- :be use.d to :solve· t:r.uck: :dis-pat.chir1g pro.pl~ni:s 
:.a._· 
' ' . 
t·o the· .so:l u:t":J.·on t i:m·e- o·t the: brartG.-h -~-nd bo_un"d -~ lg_or.i thm. of B-rokke: • 
. ' 
·1n addit··ton., the heu,r:is.{i . c )net.ho.cf .b'.as ot,h-er· cap~bil ities whic.h 
'ttann:ot be handled by Brokke' s- algo??it·hm ( Fo-r· ~xample,: truc-k rnil~.-~ge 
·re·strtctions). The :he.uristic method c_a_n: co11:vente.ntly include the 
1po$::s:iblli ty of par.t.i-al.. d:umping (Mul tipl~. truc:k· v1.s_ft:--s to -~- si:ngJe 
.. ,. 
I 
• I 
J • 
. . 
ti 
'":''.":!':' .. 
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demand point) which is excluded from Brokke's algorithm. Results 
indicated that the heuristic method, with partial dumping allowed, may 
obtain a better solution than the optimal solution of Brokke which 
does not permit partial dumping. Partial dumping resulted in better 
solutions than Brokke's algorithm for 2 out of the 10 problems on 
which partial dumping was tried. 
In summary, the heuristic method of. th.is thesis is a powerful tool 
to be applied to the truck dispatching terminal locat:ion problem. 
Moreover, the h~iu'.t.ist1c method appears to be as good :as a.n.y oth:er· 
heuristic m~th·qd· found d.oc_t1mentec;f in the literature ft>r: :-so.ivtri.g truck 
ciispatc.:hing pr.obl,ems ·:p·:f .. 1.ar:g.e ·size! The heuristic method may also_ be 
-trsef.ul f.·c>r ~ol.ving .. s;11i~ll siz.ed truck d:ispa.tching p.rdblem.~ 'Wh'.ic·h. ma.y 
nJ.q;u~s f:.or :solvi.p.g; thi·s ·prqbleiri .. 
·~·· 
.• 
. . . 
.• 
e.. 
I . 
··, 
. ~ 
J 
J ) 
·1 
·~ 
,J, 
,l 
'/ 
'·;/ 
' 
·"'\. 
... 
·/ 
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VIII. VARIATIONS OF nIE BASIC PROBLEM 
., . 
The asswnptions contained in the basic problem of th~s thesis 
have been listed in Chapter IV. Before discufsing major variation~ 
\, of the basic problem, a discussion of methods t·o circumvent each of 
' the assumptions made in Chapter IV will be presented: 
Assumption 1 - The demand point requirements are deterministic: ... 
Since the computer execution time for deterministic type 
problems is relatively small (Figure 4), the demand point requirements 
probability distributions could be samp·led and the simulation approac·h: 
.ut il.ized. 
Assumptipn 2 - Potentia.:l :warehouse: 1ocation·s w-.il:1 ·be' considered 
for on_ly those points· which· .. a:re g:t·ven: a.s demattd ptlint locations. 
Additional potential wa·rehouse location.s c~n- b.e· considered ·by 
the heuristic program by me·r¢._ly entering th¢m_. ,as .deman:.<J_ point lo-
.c~tfons with zero demand requt_rements. 
The. most s:ign.:if.ic~nt c:<ilst f-act:e>--r w-t ll be.: ·tli·~· :s 
t-r~sportation cost:.:·· 
. ··-,.,.,. 
. . Many ·o:f the other cost: fac . tors·, ·Wh-ic·_h were discuss.ed: in Chapter 
III, could be included in.~ cost model that could be easily applied 
to the ex.i·sting heuristic t·.echnique. For example, the fixed cost 
.. 
operating a warehouse at each location could also be considered 
. \ 
. 
. 
. rnerel_y entering the fixed <::ost o-f. wa·rel:1.puse o:perat.iq.n for each 
location with the i~put data. 
Assumption 4 - Minimization of total distance traveled for all 
.roµtings will be ·equivalent to minimization of transportation 
•• 
•/ 
~ 
./ 
j 
,' ! 
'-,{ 
.? 
.; 
43 
.. 
costs. 
Again, the appropriate cost model for the transportation costs, 
could be applied to the basic heuristic method with slight modifi-
cations. 
Assumption 5 - The capacity of every truck must be greater than 
or equal to the demand requirement at each demand point location. 
The partitioning of large demand points into multiple demand 
points could handle this restriction, which would. allow for partial 
dumping as was mentioned in Chapter II. These' partitioned multiple 
demand points snould be g_iven slightly different coordinate locations.-
For example, a ·d·emand poin_.t location which had a requirement for 
1000 units may need to b·e divided into two. demand: point location.s 
wlJ.iGh would be given Ilea;rly the same X, Y co.Otdin;ite ldc,tions, a:11d 
e~clt ·;p.oint Wpµld have a· d~1nand ·requ·irt?inen·t: of 500 units. An :e·,ta.m.pl_e· 
'tor the two n:ew coor'di:p.~te ·1oc:ationf:r njigb:t be: 
·x =· 20.· •. 1· 
·· 1 
x2 - 20.6 
, 
' 
.Yl 
·y2 
- 14.3 ·-
- 14.3 
Assumption 6 - The c:o:s;t·/mlle. p:f :o_perating the va:rfou:s capacity 
trucks is the same. 
A heuristic rule may be· <;ley¢·J.oJied· so that, the vehicles w are 
·tJ1e .. least ~ost1y to operate ·are assigned in a manner that 
niaxim.ize their usage: as compared to the more: costly vehicles to operate .. 
Fo·r most problems; th:is: would mean assigning. the v~hic1es to truck 
'". routings by beginn:in·g' with ·t.he lea5.:t .co'stly vehicle to o.per.~te and 
·ending with the mt>·st c.ost_ly veJ1ic:le. to o.perate. 
~-
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Multiple Warehouses - This problem was mentioned in Chapter II. 
The.heuristic method could be applied to various multiple warehousing 
schemes that might be proposed for a particular problem of interest. 
However, determination of a method to solve the general multiple 
warehousing problem appears to be a formidable task. 
Non-Homogeneous Product - This· is a problem which fi:as two. dis·-
tinct cases: 
(1J Dtfferent. .Pt-.o'dtic.ts are. b,eing d$1:tvete.d wh:ich may be reduced. 
·to a ·colTIIiio.:n measure .fo·r wl{i.cp. ·o,r1 ly· their. vo lurne or weight: 
.e~ample, t.he: c:ommpn measure· f·o.r fur_n.iture would be .mo·.st 
.l-.ike . .1-y ch·arac.fe.r:t:zed: by vo:Iume., although :many di·f:ferent 
items of· :£urn.J .. ttfre may. qe·. delivered from one v·eh1cle. 
(2) Other prqduct·s n.ee_d: to ·b·e considered separately Wh¢:n 
alloca:tit1g pro.d•ucts to: tp.:e .vebicle. For ¢x:at.npl.e:, t:wo 
,gf~td~s .of gaso.1:in.~· may- JJ.e d.e'I..iv.ete:d to. a ga.·$. ·s·ta-t.io·n .froni. ., : . 
·.one \rehic.le. :Ho:w~ve.r:' these t·WO gr.a.des of gasoline must 
·usu·a=11·y: :b¢ ·c·a.r.rfed in two .phys.ic·ally distinct tanks of the· 
nique, once the co.nunon measure has: b.ee:n .establishe.q.. ·T:he· .se~on'd: c:as·~. 
is more difficult. A: speciffG. problem o.f th~ .. ·st?C(irid-' :ca.se .could: 'be 1 , 
handled ut .. iliz:ing .a h~ur:i.s:t·l.~: rul.e: which i:S ·rea$ona·ble .for t.hat 
particular .. p_rob.lem ... 
.'#. 
· :Partial ~ping -- ·This wa:s d,i$CUS:sed· in Chapter II. The 
·heuri.·st·ic ·metho·d nas.: been ea$i.ly mod:i.f::i.~d. ·to· hand.le t.his possibility. · 
- .'t 
'·\ . 
i.:1· ,, 
l'.11 
J,11 
"I 
tiil ('I 
··1··.' ..'. '.! 
,: !' ),ii· 
,,,. 
1; .. , 
' 
'~• 
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IXo RECOMMENDATIONS FOR FURTHER STUDY 
The partial dumping concept should be a very fruitful area for 
further study. The results reported in this thesis were obtained by 
an arbitrary method of partitioning the demand points. The investiga-
tion of a systematic .method for partitioning demand points is recom-
~end.ed. 
The travel-ing salesman su.b.--.P-~-o:b"l.em :w·as' a_ttacked using ·the basic 
. 11 .b.e··uristtc :me.thod of Karg ana· Thoin.psori. . ., because it WJ3S thought th.at 
this, ·wou:I<.l .:gi.ve a r·e:as-onab·Ie ~11swer to t-h°is s:ub~pr:o_bi·em in a short·. 
time. .A mb:r·e· S.OJ>bistic--ated te.c-h·nlq.ue x-o~ solvin;g the .. t:ra·velin-g .s-.al~s.-•,•. 
s .. <ilut'ion tt-rne and: acG.µ:r;"·acy· :t.o ·t·h·.e .t:ruc.k- clispc;Jt.chtn-g. fermirial looa.t-ion· 
,,_.,,. ·sup.p·lied, ,by .onty one truck. Investigat.i·on· ·of: tbe: he:ur1s:tic-- meth.od 
.. 
itself a·s a: .means for solvin;g. -l~r,:ge travelJng s·alesman ;p:r.oblems: (fo,uld 
·b.e .s·ttidied . 
. . . . 
. . ' 
Veri.fi,ca.tion of. l_h:L.s: :c.o.nj ~:ct-Q·r·e would qe :of inte·rest .. 
.. J:ti addition:, it would qe of int·~r.est· to :c .. Qmtf,t~e t·he qd$:t. i_mpl:ica-
t.±-:9tfs :(cos-"t:s :.of: .. ' G.omput-~r- .rµ_hni.ng :~ime) o_f· us:i-ng tlJe branch· ~:nd bouri_d· 
:algo·rithm :of _Brokke as ¢<?°mpa:r,e·d tq ·t.he _he·ur-is'tl¢ method' :cxf. t;his: the·s-l.s. 
,· 
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-
Finally, the many variations of the basic problem, which are. dis-
',.! 
cussed in Chapter VIII, could be investigated. 
. .~-
,i .. \ 
. ·o· 
.. 
•' ' 
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APPENDIX A 
i 
.. 
: . 
·- ., 
. ·----.. 
·---:. 
NODE}f 
NOTRK 
XMILE 
AMTRX 
NOPRO 
NOPTS 
A(i!_j} 
.. XO.( :L.} 
rfi) 
D_EM:(oiJ_) 
TR-trc:·R{ J.) 
.IN:IT 
-RA-DNtJC•·. i )··:. .• . 
. . .. 
· TI-IEtrA. (.1) 
RA"DMX 
IMAX: 
: .. ~ .. 
T. ·o· ·fl'TPt.rr· -.-r ··'"' · ... '"":i1v1 ( JI 
THMIN 
. ITHE:. 
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EXPLAJ\JATION OF TERMS USED IN FLOWCHART 
- Number of demand points. 
- Number of trucks. 
- Mileage restriction for any truck. 
- Dummy variable to indicate whether (A) matrix will 
be read into program or calculated by the program. 
- Problem number for identification. 
- Number of the lowest potential warehouse locati.ohs: 
for which the complete routings will be print(;3d; :o·u·b:. 
- :Distance ·from point i t.(, point j . 
--· .X -c--o--orct·ina t_e o:f _po·int ·numbe·.r i ... 
- Ca,pa_cit·y of· ·tr4ck number :j:. 
- Jndex (i) of potential warehoU$e .loc:at:ion P.rtcl'e.r 
c· onside ratio rt. 
:~ .. Radius ·of point· .i from INIT. RADNU{ i) ·will l:~e· s:e·.t 
eq1).a·1 to zero when point i has been ass,igne-d· a 
r.out:L-ng_.: 
- .4rtg1e :(l"actians) of point i with INIT as origin .• 
·.- .:Ma,x:bnum rac:l·;Lu_s Vctlue .. of· una'$:s:ig.rted ·point.s -~ 
._.;.. Swe-ep:Lng: angl:e va·lue (radians) of: pqint i wit·h re-: 
Spijc.t tO points 1MA.X and INIT. TH:E'SW(i) set .equaJ, 
tO 25.0 when point i is assigned routing •. 
·-= Tot~l distance .-o·f the r.o.ut.,in-g .of t:ruck: 5 ., 
·~· .I.n·de:x. (i): -of ,THM!N • 
.... 
IROUT(ig) 
rRG(ig) 
JXMAX 
TOTDM 
.I 
... 
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- Routing vector for truck under consideration. This 
vector indicates the point by point routing of that truck. 
- Last feasible routing vector for truck under con- . 
sideration. 
- Total number of points ·in· routing for truck under 
consideration. \v· 
- Total demand require·ments for all po~ . Ilts oh routing 
of truck under consideration. 
.'7°·1 
., 
' 
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FLOWCHART 
READ 
NODEM, NOTRK, XMILE, AMTRX, 
NOPRO, NOPTS. 
INITIALIZE 
A(i,j), X(i), Y(i), DEM(i), 
TRUCK(j). 
COMMENCE HERE TO CALCULATE COMPLETE ROUTINGS FOR EACH DEMAND POINT SERVING AS POTENTIAL WAREHOUSE LOCATION: 
DO 7 IMIN -=·· 1- '_NO. D. ··· . EM_·· , . 
. ) 
SET 
RADNU(INIT) 0.005 
THETA(.INIT) =: 12.0 
CALCULAT.E 
RAJ)NU(i) and THETA(i) for 
all other oints. 
.. 
,~ .. -
·"· 
-.-.. 
.-i • 
'.: 
., 
.{ 
l .. 
... 
:)· 
. ..:.;. 
··:~ . 
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~'-
·\ 
COMMENCE TO DETERMINE ROUTINGS FOR ALL 
TRUCKS: 
l 
DO 6 j = 1, NOTRK 
SET 
TOTMI(j) = 0.0 
CALCULATE RADMX AND IMAX FROM 
UNASSIGNED DEMAND POINTS. 
IF 
RADMX :$ 0 
NO 
CALCULATE THESW(i) VALUES FOR 
UNASSIGNED-POINTS. ~ .. 
l,,j 
~I 
11:1 
·,:,I 
'
1 11 ; 
; 
•·. 
. {; 
. •. 
, .. -;: 
i • 
. ·- ' --: . , - :_::-... 
t ... 
• 
•. 
. .... 
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SET 
RADNU(IMAX) = 0.0 
IROUT(l) ~ INIT 
JXMAX = 2 
IROUT(2) ~ IMAX 
TOTDM ~ DEM(D1AX) 
FIND THMIN AND ITHE VALUE 
FOR lJNASSI·GNED POINTS. 
ST~E LAST FEASIBLE ROUTE,SET: 
IRG(ig) ~ IROUT(ig) 
JXMAX ~ JXMAX + 1 
~!( . : 
•: . 
.l ..... ·· ... 
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DETERMINE ·TRUCK(j) ROUTING USING KARG AND THO:MPSON HEITRISTIC TECHNIQUE. 
CALCULATE ~OTDI(j). 
OTDM ~ TOTDM + D:EM(ITHE 
REMOVJr'·,ITHE POINT 
JXMAX = JXMAX - 1 
RESET TO LAST FEASIBLE ROUTING 
IROUT(ig) ~ IRG(ig) 
FROM ANY FUTURE AS- ,----+----' SIGNMENT: 
THESW(ITHE) = 25.0 
RADNU(ITHE) ~ 0.0 
..... · 
-,. 
~ ... ; 
·:Ge.. 
.54. 
STORE ALL ROUTINGS FOR EACH 
TRUCK FROM THE POTENTIAL 
WAREf-IOUSE LOCATION ( INIT) . 
CHECK ROUTINGS 
FOR POSSIBLE 
INTERCHANGES 
RANK 
ROUTTI\JGS 
WRITE 
SOLUTIONS~ 
l 
.. \ 
~· 
-~ 
.... 
;,;J 
f 
' ; 
i :r, 
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APPENDIX B 
Aµ Jllustratory Example 
, .. '.,···, 
'· . 
. -..· 
.,.:· 
;. 
,..-. 
:\ . 
. . 
\ 
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• THE NEW YORK PROBLEM 1: 
,,,,. 
'/ 1:. 
I 
Demand Point No. City 
1 Albany 
/ 
; 
2 Binghamton 
3 Buffalo 
4 Ithaca 
:$ Jamestown 
. 6 Poughkeepsie 
'7 Rochester 
.:8. Syractlse 
.g Utica 
10 Watertown 
DEM(i) = d_emand: ·reqtiire.ment at .po}~_t: ·i. 
Po·i.n.t. No, •. X:(i)· y (i) DEM:(i) 
l, 19:_oO 7 
• 0 127 
2· 12:. 1 4. 7 70 
:3. 
·.3·. 2 ·s o· 
.•' .· .. 481 
4 J0._5_' 6.,0 29 \. 
. . 5: 2 
• 2- -~_:-. ·a: 41 
6 1·9.0· ·3" • (l 37 
7 7 .• 0 :_9. 2 305 
8 11 ..• 5 ·a .•. a .. 216 
9 
-l.4 .• 2· ·s 9· 100 . . 
10 1·2.0 12 '6 34 '," .. •.· 
-"i. 
;,. 
'~-.. ·, 
3 
4 
5 
6 
7 
8 
9 
10 
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DISTANCE MATRIX FOR nil~ No Y. PROBLEM 
.. 
1 
140 2 
j 
281 194 t3 
167 46 148 4 
338 215 69 185 5 
71 136 330 182 351 6 
220 136 70 90 134 272 7 
135 78 146 57 206 189 85 8 
90 92 198 94 258 146 135 52 9 
165 148 201 127 265 224 131 70 83 
....... . •.· 
\ . 
58 
TOTAL DISTANCE SOWTION AT EACH POINT 
Point No. Total Distance 
1 1376 
2 1271 
3 1036 . 
4 
_1363 
5 1313 
6 1585 
7 1040 
:_8 1321 9: 1311 
·10 
··.·:. 1322 
l. 
loc_a.t:iP.n:s is known· : 
.Utaca (Demand ·_r,o._irit .No: .•. s,·) :i."$: l:1sted .b:elow as a typical example·: 
·Truck No. l (700- uni ts capaci·ty) : 
_Rput:ing _:_ (9, 6, 2·, 4, f5 :,3, 10, 9) 
·:otstance = 886 
Load: Carried - 692 
.True,],{ No-. 2 (700 units: capacity): 
.Routing= (9,7-,8.,lt9) 
·Distance =: 445 
. ,· .. - •, . 
. . .. . ··. : ~-
:I.o a.d: :carried ·= 64·8 :· . . . . ·. · .. ·... . .. ' . . 
T-r:uc·k Nb. '3 (700 uni ts :c:apac·i.ty) ,~ 
Routing= (9,9,9)* 
Distance= 0 c• 
Load Carried=- 100 
. ,: 
.• 
·}This means that_ this truck has ·t:'raveled :f:rom: tll~ potential warehouse 
1 location in Utica to the demand point a1$o. in.Utica (Nonnally, the 
demand is not a~ the warehouse· itse-'lf.) a-n.d. ·returned to the potential 
warehouse location in Utica. 
/ 
r 
' 
\ 
.1 
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APPENDIX C 
T:he Generated Pro·bl:e1i1$ 
.Q 
., 
··. 
\ 
•,: 
> 
.":j.._ 
\ 
., . 
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NEW YORK PROBLEM: This problem is listed in Appendix B. 
MICHIGAN PROBLEM: 
Demand Point No. City Demand Requirement 
. ... 
1 Ann ArboT" 67 
2 Dearborn 112 
3' Flint 196 ,-·~· .• . 
:~ Grand Rapids 202 
·5 Jackson 51 
6. Kalamazoo 82 ) 
7 Lansing 113· \ 
8· Muskegon 4'6. 
:9 Pontiac i82· 
ld Saginaw 98-
' 
.. 
. 
. . . . . 
. 
.. 
-'i;h~r~ ar..e_: 3- truck::$ :o:i' :4.po· Ull·it.S: C:apa.(fity:· .e.a¢.P,.· 
.•·. 
I. 
r I 
.. 
-
- -- --; --"'~"' ·---''--""-2::..:'..~~~~ -~ ---
' Ii 
. . 
,. 
f.' 
,. 
,. 
,: 
: ~ . 
... 
,, 
. .,i••• 
,.. . · .. ~ 
' 
'• I. . , 
'I." . 
..... 
, . 
. .. : ' 
I• 
.• . ' 
,· 
of : 
2 
3 
4 
5 
6 
7 
8 
9 
10 
... 
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., 
DISTANCE MATRIX FOR THE MICHIGAN PROBLEM 
1 
36 2 
54 60 3 
124 146 105 4 
36 72 87 97 5 
97 133 118 48 68 6 
162 84 50 62 37 68 7 
162 184 143 38 135 82 100 8 
46 25 35 131 82 137 69 169 9 
85 91 31 115 108 139 71 128 66 
. . -+· 
--·---
··-:r. 
f 
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OHIO PROBLEM: 
' Demand Point No. City Demand Requirement I 
., 
:1 
•.I 
.. j 
~ 
., 1 Akron 290 
2 Cincinnati 503 
3 Cleveland 810 ,. 
4 Colwnbus 471 
5 Lima 51 ,\\ ·; 
6 Mansfield 47 1) 
,• 
,, 7 Springfield 83 'I . 
' 
'• f8 Toledo 318 ·, I, I 9 Youngstown 167 j 
l -~ Zanesville 39 ., 
-,.;.. 
. ~ 
.,,, .. 
r 
2 
3 
4 
5 
6 
7 
8 
9 
\ 
10 
63 
DISTANCE MATRIX FOR THE OHIO PROBLEM 
:,· 
1 
-
121 2 
.. 
227 239 3 
.. 
...... 
.. 
33 106 141 4 
150 128 145 90 5 
61 167 150 69 89 6 
161 71 172 43 66 100 7 ·t 
122 198 105 128 81 96 127 8 
33 273 66 167 196 107 207 168 9 
101 156 128 54 140 71 97 166 131 
-~.:: . 
.: .•• ~ •. • i ~ .. :., .•. 
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NORTH CAROLINA PROBLEM: 
Demand Point No. City 
l, Asheville 
2 Charlotte 
3 Durham 
. 4·, Goldsboro ,. 
·5'. Greensboro 
6: .. :: High Point 
.7· Raleigh 
:8 Rocky Mount 
9 Wilmington 
10: Winston-Salem 
..... ,-1. 
. \ . 
: _;-
-;--.~.- ..... , ~--
Demand Requirement 
60 
201 
-l 78 . 
·-·~ 
29 
131 
61 
105 
32 
44 
I°ll 
.·• 
-~.'. 
... 
l 
1 
!J 
t 
'I 
I'• 
'i 
I 
1 
i 
I 
·",C.,.· 
:-,,,:, _ _.  
,. 
·; 
. ·~ 
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DISTANCE MATRIX FOR THE NORTH CAOOLINA PROBLEM 
1 
' 
2 116 2 
3 241 142 3 
·, 4 296 196 74 4 
5 186 89 55 129 5 
6 165 73 71 140 16 6 
7 119 145 73 51 78 89 7 
. 
8 360 200 68 44 123 139 55 8 
9 319 203 144 89 189 195 121 133 9 
10 158 79 83 157 28 18 106 151 217 
.. 
·• .1·_ .. 
-- ~--.... ··--- .--...,,·-.o--"'-,.. -. --• •· 
·#' 
·' 
.. ,._ .. :,',}·-.. 
-
-· 
..:.. 
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APPENDIX D 
Example of Partial Dumping Applied·to 
the New York Problem 
I 
.if 
.... 
·,o. 
".)• 
-~-
.·,' 
,, 
. ·.1"'. . . 
·-~ 
:.i'-
• ~-
" 
' . 
Demand Point No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 -·-. 
12 
1:i 
14-
.. · 
1 .5, 
l.6 
·17· 
J$ 
19.· 
67 
NEW YORK PARTITIONED 
City X(i) 
Albany 19.0 
Albany 19.1 
Albany 19.0 
Binghamton 12.1 
Buffalo 3.2 
Buffalo 3.3 
Buffalo 3.1 
Buffalo 3.2 
Buffalo 3. 2 
Ithaca 10·.s 
Jamestown 2.2 
Poughkeepsie 19.0 
Rochester 7.0 
Rochester 7.1 
Rochester 7 .. o .. 
Syracuse 11 •. 5 
Syracuse 11_.4: 
Utica 14.'.·2 
Watertown i-2; o· 
. .. . . 
Y(i) DDf(i) 
7.0 50 
7.0 50 
7.1 27 
4.7 70 
8.0 100 
B.O 100 
8.0 100 
8 .1. 100 
8.2 81 
6.0 29 
4.8 41 
3.0 37 
9.2 100 
9.2 100 
9.1 105 
8.8 ·100 
8.8 116 
8.9 100 
12.6 34 
The distance matrix can easi::ly· b·e. ·q.Ef;t::~_:fmined from the 10 c:i.ty :N •. Y. distance matrix (Appendix B) .. 
There are still 3 trucks o.f: 700· tntit.s· c::apaci ty eacn ... 
·,. 
.. ,,; 
I • 
-·-· 
·:..t 
' 
,, 
•· 
·, 
' .. fl 
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'IOTAL DISTANCE SOLUTION AT EACH POINT 
Point No. Total Distance 
1 1318 
2 1388 
3 1318 
4 1228 
5 1204 
6 1204 
7 1205 
s: 1204 
9. 1204 
1.0· 1300 
1:1 1318 
l.=2 1597 
:13.: 1085 
"14·. 1040 .. ·. 
16 ~- 1040 ·' 
1.7 1350 
17 1350: 
·.18. 1202 
_19: 1364 
Truck Routing Solut:tp_n·~. :fc>"r. Utica. (Now·, No. 18): 
Truck No. 1 (700 unit.s c-ap:·ac·ity) :;·: 
,Roli.ting = (18,IO,_ll,·6.,5,7 ,8.,9,15-,19,18.) 
!:pad· Carried _·· .· (>9CJ 
:Truck No • ·2- (700: t1rj.:±-;t;.s cap·ac'i t_y.:) .: 
.. 
Routing = ( 18 ,.i7, 16·, lJ: ,.14.,-·4, J.2,·, 1. ,:~ -;$, 1:8). 
·- . . 
-. :.. . 
Distance= 570 
Load Carried = 6'50 
:Truck No. 3 (700 units capac i.t·y)· : 
Rout i:qg = ( 18, 18, 18) ·?tc·· 
,Distance··= O· 
.ioad Carried - 100 
, 
,•.· 
*This means that this- truck has traveled from the potential warehouse : location in Utica to the· demand point also in· ·utica (Normally, the 
·demand is not at the warehouse it self.) and .. returned to the potential 
warehouse location in Utica. 
.·,,. 
C' 
_:,· 
l 
. . 
3:. 
·4·· 
. ' . 
5. 
6 .• 
,7. 
8. 
:9 .•. 
. 1:0. 
69 J 
BIBLIOGRAPHY 
Brokke, H. M., A Branch and Bound Al~orithm for Solving the 
Truck Dispatching Problem, Lehigh l\1aster's Thesis, 1968. 
Cooper, L., "Location-Allocation Problems." Operations Research, ~ Vol. 11, (1963), pp. 331-343. 
' 
" Feldman, E., F. A. Le!trer, and T. L. Ray, Warehouse Location 
under Continuous Economies of Scale,rr Management Science, 
Vol. 12, (1966), pp. 670-684. 
Fleisher, R. E., On the .Solution of the General Single-Stage 
Location-Allocation Problem by a Branch-and-Bound AlgoTithm, 
Lehigh Master's Thesis, 1967. 
... " Efroymson, M. A. and T. L. Ray, A Branch-Bound Algorithm fq:·r 
Plant Locat itln," Op~:rat ions Re'search:_, May-June 1966, pp.. 3i6.I.--
368. 
WiJser:, __ F~ A .. , .A .Computational _P·:roce_dure f~:r So-lv:in.g·· _Ttitv:eling~ 
.-S:i1.1e·sman .. Prq:}?'lems, Lehigh Ma sf.er-' s ·Th.es.is:, 19'64 _ .. 
Ra·o, M. R.·. , and: S. z ionts ., ''Ali_oca tto·n. of T_r,an-sporta·tton Units 
to. Alt·e:rnat·ive· :'rrips-~A co·Iumn Generation_ Scne.tn.e \vlth Out-=of-Kil-
·te._r $-ubpt·ob1e.ms, ,:'" .0-perat iX>~!3. Re$earch, 196'7 ,, . pp. 52-63. 
-. . 
TiiJriian., F. A .. ·and 1H ~ Cochran_, ,.A_ Heur·is{i'c :1\.p:proa.ch .for Solving 
:t·'h·e, :ne·li_ve-ry Prob·lem," r·he Joµrnal .o:f Indus'triaJ En_g~I;1-~-~-rJ_11g.,. 
·Vol. 19, No.~ 7, Ju·Jy ,. 1968, pp·. 354-358·.. ~ 
'C.lark.e, G. and J·. W. Wrign.t., "S<;!hecfµ1ing ti( "Ve-~ic1es from ~· 
:Cen·tra.l Depot to .a ·:Ntnnb_er ·of .Delivery Points,"' Ope~c1t:toris 
:Rese-arc,h, Vo i. 12, No. 3, 1964, :pp. 568~581. 
Dan~zig, G:. B~, ·o. R .. Fulk-erson, _and S. ,-M·. Johnson .. , '"'OJi A . 
:Linear-Program.ming A,ppro·ac·h to the T rave I ing-·.Sa le··sman Prt>b l.err1, :P 
·ppe:r-ations Re·sea.!Ch, ·vol. 7, 1969, :PP.• :s.S-66-~ 
1-i. Karg,: .R. L. ancl 0.~ L. T·homp-son, ''A Heuristic A.p·p.ro.a-c,h to .Sb 1 ving 
'f·ra·ve_ling_ :Salesman Pr.o'.b,l:eins, ,,. :1\1.a~agement Sc_ten-c~·, Vo.1-.:· I-d, No. 2, 
:19:6·4·, p.p_. :?2p·-24,S •.. . -.... - . 
J{ue.~111, A •. A. arid· :M; :J-. :il~Jnb.upge_r,. ''A H.eur.istic .Prog_-r,-~'rn_ -for 
:Locating: Wa-reh:9tfse s ~ "' Man-a;ge_~~~t ·$ct·ertce; .Vol. 12 ;. 19.66 .,_ pp . 643-6.6. :6·: ··· 
. . . ,: .. 
~-
r• 
·; 
. ., 
'! 
·:; 
,( 
) 
•( 
I 
•.i 
.., 
H 
... 
' 
,,, 
·' 
70 
BIBLIOGRAPHY (cont.) 
13. Dantzig, G. B. and J. H. Ramser, "The Truck Dispatching Problem," Management Science, Vol. 6, No. 1, 1959, pp. 80-91. 
14. Dantzig, G. B., W. Blattner and M. R. Rao, "All Shortest Routes 
" 
from a Fixed Origin in a Graph, Stanford University Operations Research House Technical Report No. 66-2, November, 1966. 
I5. Dantzig, G. B. , "All Shortest Routes in a Graph,'' Stanford University Operation~Research pouse Technical Report No. 66-3, November, 1966. 
·16.. Lin, S., "computer Solutions of the Traveling·· Salesman,Problern," Bell System Technical Journal, December, 1965, pp. 2245-2269 . 
.17. Gaske 11, T. J. , "Bases for Vehicle, Fleet Scheduling," .Ope rat i<;>~~-1. Research Quarterly, Vol. 18, No. 3, September, 1967. 
···-
IS. Reiter, S., and G. Sherman, "Discrete Optimizing,'' Journal o.f. S.I.A.M., Vol. I?, No~ 3, September, 1964, pp. 864-889. 
1.~-.. Szwarc, W. , ''The Truck A_ssignment Problem,." Naval Rese.arq-h: logistics Quarterly,, Vol. 14, N9. 2, December, 1967, PP~ ·52:~::~557·. 
20. _Ba.ra.chet, L. L., ''Graphic _S0lut1,on of the Traveling--.~a.J~srrian Prql>lem," Operat±ons Res·earch, Vq1 .. 5, 1957, pp. S41~s·45. 
21., M.agee, J. F:·: ,, Industrial mg.is:ti.c$, McGraw-:Hil.:i, New York, 1968. 
22.. Hayes, R. L. , "The Delive:py Problem,'' Oqqto .. ra.:'l ·n1ssert.a.:tion, Carnegie Institute of Technology,. l9p7. 
23 .• Gray, P. , Mixed Integer Programming Algo.ritJ1n.1s. ,tb~t S:i te Selection and Other Fixed Charge Problems Havi~·g- p~.pac1:fy Con:s,t_raints, Dept. of Operations Research Technica.l Report. :No. 10>1,· - ·Stanford University, November 30, 1967. 
.. :i·~. .Ba.linski ,· M .. L. and R. E. Quandt, '~On. Ari Integer -~_rogfam for a ;:Pe.-;l.iv:ery ·Prob·l_eti(;_": Operations Research,.· Vol.. 1·2,. 1.964 ,. pp'.·. 300.-:3·:04 •. 
·,. 
/ 
2·5. ·coo·per) ,L .. , ,:,li~uJ~J.-sttc Methods for· I.ocat.iofl-._A:1'.lo.c:at:ion·: Pro'b·leins .,: ,,, :s:iam _R~yJe·w·., Vol. •. 6 ,, 1964, pp.- 3·7--53: • 
. ,<· 
.~:6. ·cochran· ,: H. M .. , "optimization of a Carrie.r ,Ro.ut.i11g, I?.~l>b:lem·,·,, 
.. - Ka.nsas State .Uni.ve.,rsi ty 'Master' ·s. T.hesi~_-, 1.9(1'.t,.. .. ,, ______ _ 
I . . . 
. ~ · .
-~ 
\ ) 
.. 
71 
BIBLIOGRAPHY (cont.) 
•. 
'" 
27. Cooper, L., '·'Heuristic Methods for Location-Allocation Problems," 
SIAM Review, Vol. 6, 1964, pp. 37-43. 
28. Held, M. and R. M. Karp, "A Dynamic Progranuning Approach to 
Sequencing Problems," SIAM Journal, Vol. 10, No. 1, March, 
1962, pp. 196-210. 
29. Garvin, W.W., H. W. Crandall, J.B. John, and 
"Applications of Linear Programming in the Oil 
Management Scierlce, Vol. 3, 1957, pp. 407-430. 
R. A. Spellman, 
Industry~, " 
30. Gray, P., Mixed Intege ,. Progrannni n~ /\~_gori thms for Site Selec-· 
tion and Other Fixed Charge Problems Haring Capacity Constraints, 
Technical Report No. Jn1, Stanford University, November 30, 1967. 
3_1: Teitz, M. B. and P. Bart, "Heuristic Methods for Estimating 
the Generalized Vertex Median of a Weighted Graph," Operations 
Research, Vol. 16, No. 5,. September, 1968. 
32. Shycon, H. N~., an·d:R. B. Maffei, "Simulation-Tool fo-r Better 
Di st ribut i.on; n: .Harvard Business R_eview, (November..;.December, . 
1960) , pp. 65-75.·. 
:33. At,ki;n.$,. .f{;.; .J •· ,and ·R:. H. Shrlv:e.r·:,__ '\New· Approach to. Fac.i lt"t·fes .-: 
:Lo .. cation., ·,, Ji~rv_a:rci: ijµ~±nes"s :Review, May-·J1.11re, pp. ·10.~·19·. 
:34. :s·ussams, J'. E .. , "some: Problems Associated wi:th the :nts.t ribution: 
_of: Consume.r Products,'' Operational Research Quarterl:-y, Vol.. 19_, 
No.. 2 ·, June l 1968, PP .. 161-174 . 
. :ls. Little.,. J;. D., c .. , :K •. c·" Murty, D. W. Sweeny, ~n.d .c·. Jtarel,, :''Ari· 
'' 
Algortthrri for -t·:b·e· Traveling Sale·sman Problem, Qpe··rGttions Rese:a.~ch,, 
f~l. 11, 1965, pp. ~7~-989. 
3.6. 
.. ·, . 
TT 
. 
.. . .·· . H Spitzer, M., The ,Compute~· Art: ·ot·· ;sc.:hedule ·Makt-n-g· ,· I):ata.rn~.:t-l.,db,,: April, 1969, p~. 84~&6~ 
..... 
r 
,· 
t·:~ ' •· , 
.. 
I 
" 
11 
• , 'I 
.,I 
''1 
•• 
)··-' . 
PERSONAL HISTORY 
Name: 
Birth Place: 
Birthdate: 
Parents: 
EDUCATIONAL BACKGROUND 
Purdue University 
Bachelor of Science 
Electrical Engineering 
Lehigh University 
72 
VITA 
• 
' 
Robert Wayne Leaser 
Michigan City, Indiana 
March 25, 1943 
Philip and Helen I.easer 
•: 
. . Candidate for Master of :Sc·tehce 
..... - ' 
in Industrial Engineering 
:HONORS 
Tau Beta Pi 
Eta Kappa.Nu 
Alpha Pi Mu 
:PROfES$_·10NA~ EXPERIENCE 
Weste.-rn Electric Co., Inc .. 
Ind·ianapolis, Indiana 
Development Engineer 
:we:s_t~tn Electric Co. , Inc. 
P.:rin·ceton., New Jersey 
l~fo;rrnat.i'~n- ·Syst·ems_, Staff Membe·r 
·/ 
19°fi1- - 1969 
J..967 .-.· :;i_:~_69 
.'j· 
,, 
